Using a single-photon emission computed tomographic scanner (SPECT) the authors determined regional cerebral blood flow (rCBF) with inhaled xenon-133, a noninvasive procedure. Studies were performed in 40 normal individuals, and these were compared with rCBF determinations in 51 patients with seizure disorders. Although positive results were obtained in 15 of 16 patients with mass lesions, the group of principal interest comprised 25 patients suffering from "temporal lobe" epilepsy. Only one of these had a positive x-ray computed tomogram, but 16 had positive findings on rCBF study. These fndings included increased local blood flow in the ictal state and reduced flow interictally.
The diffusible indicator method of Kety and Schmidt [1] for measuring cerebra l blood flow was rapidly adapted to the use of radioisotopes of the noble gases. Ingvar [2] and Lassen et al. [3, 4] developed increasingly sophisticated scintillation detectors for the measurement of regional cerebral blood flow (rCBF), but they realized that observations made with sing le-plane detectors were necessarily limited to brain surface flow values . Therefore, Lassen and colleagues decided to construct a device that would provide three-dimensional representation of rCBF, and, working with Stokely et al. [5] , they designed a Single-photon emission computed tomograph (SPECT) capable of deriving and displaying rCBF. They began clinical studies, which have been reported in part by Lassen et al. [6) . Using a similar instrument (Medimatic A/S, Copenhagen) we also began a program of evalu ation of SPECT determination of rCBF in various brain diseases [7) . The following is a preliminary report on our use of this procedure in the seizure disorders.
Materials and Methods
Th e SPECT detector was described in detai l by Stokely et al. [5) . Briefly, it co nsists of four scintillation detectors in a square configu ration mounted on a wheel th at rotates about the subject's head at 6 rpm. Special collimators define three transverse tomographic sect ion s on 4 c m cen ters . The subject rebreath es ' 33 Xe in air for 1 min , and air alone during a 3 min washout period . A small laboratory computer is used to tran slate detected events into crosssec tion al images by a filtered back-projection method, and rCBF is then ca lc ulated within each pixel by the method of Kanno and Lassen [8] . Bl ood flow is displayed quantitatively in a 16 shade color scale (see figs. 1-4).
Control studies have been carried out on 40 normal volunteer subjects (ages 18-59 years) who were examined in the resting state. An illustrative cross-section at 6 cm above, and parallel to the canthomeatal line. from a 40-year-old normal volunteer is seen in figure 1 .
We also studied 51 patients (ages 18-65) who were known to have seizure disorders. Their rCBF test results are summarized in table 1. All patients and all normal volunteer subjects gave informed consent to the procedure. We will illustrate our experience with the following examples. Figure 2 represents a section 6 cm above the canthomeatal line in a 24-year-old man who had suffered an increasing number of comp lex partial seizures. Electroencephalography (EEG) had demonstrated a seizure focus in his anterior right temporal region . CT was negative. During his first examination ( fig . 2, left) , the patient had a seizure of 1 min duration , followed by amnesia for the entire 4 min examination. He returned 5 months later and an interictal study ( fig. 2, right) was performed.
Figure 3 represents sections 6 cm above the CML from two studies of a 36-year-old man with a history of complex partial seizures, which were only moderately well controlled by medication . EEG had demonstrated a seizure focus in the anterior left temporal region . CT was negative . Figure 3A , left , was made during a brief complex partial seizure, whi le figure 3B, right, had been made at an earlier time when the patient's seizures were under relatively good control with medication . Figure 4 is the rCBF study of a 24-year-old woman who had suffered seizures intermittently since the age of 2 years.
Results Figure 1 shows the SPECT rCBF study of a normal volunteer subject. Patient data and an orientation symbol are seen at the left. Note th at the presentation of the rCBF studies (subject's left to reader ' s left) is the reverse of x-ray CT scans, and is inherent in the software of SPECT.
On th e right is a 16 color quantitative scale in which low flow values are rendered in blue and the highest in red and white. In the periphery of the section low flows are seen in the skin, scalp , and skull . Highest va lues are seen in the cortical gray matter ring, in which the highest flow is often seen in the vi sual corte x, as in figure  1 . Immed iately within th e gray matter ring is a ring of lower flows in white matter. In some subjects relatively high flow may also be seen in central gray matter. Studies in 51 patient s with seizure disorders of variou s kind s are summarized in table 1. Note th at in 16 of the 51 pati ents an org ani c ca use was id entified for th e pati ent' s seizure disord er. In 15 of th ese 16, abnormal rCBF studi es and CT scans were obtain ed . Ten of th e 5 1 pati ents had a hi story of head injuries of suffic ient severity to have ca used loss of con sci ousness. Neither SPECT rCBF studi es (two of 10 positive) nor CT scans (three o f 10 positi ve) made a significa nt contribution in thi s group . Of prin c ipal interest are th e 25 patients with .. temporal lobe " epil epsy, of wh om 1 6 had positi ve rCBF studi es and nine had negative studi es. Of thi s group onl y one pati ent had a positi ve CT scan. Finding s in th e temporal lobe epil epsy group are illustrated by th e cases in fi g ures 2-4 .
Fi gure 2, left, shows a c lu ster of elevated fl ows in th e anteri or right temporal reg ion at th e site of EEG se izure focus locali zati on. High fl ows are also seen in th e ri ght posteri or temporal lobe and in th e visual co rt ex , although th e subjec t 's eyes we re c losed du rin g and aft er hi s seizure. An interi ctal stu dy (fi g . 2, ri g ht) shows a residual of th e previously noted hi gh fl ows in th e ri ght anteri or temporal region, but rCBF va lu es are reduced in th e posterior temporal region and in th e principal seizure focus. Flow in the visu al corte x is at a more norm al level.
Fi gure 3, left , is a stud y made during a brief complex parti al se izure and shows a pattern essentially norm al in its distribution . In fi gu re 3 , right , a stud y made while the patient was in the interictal state, large areas of red uced flow are seen in both temporal and th e right frontal reg ions. Fl ow has decreased in the left anterior temporal region , th e site of EEG localization of thi s patient 's seizure focus. Figure 4 is the interictal study of a young woman with a life-long hi story of epi lepsy . It shows redu ction of fl ow throu ghout almost the entirety of th e right hemisphere.
Discussion
It has been shown by in vestigators suc h as Ingvar [2] , Plum et al. [9] , and others th at ce rebral blood flow abn orm alities are present in th e seizu re disorders. Locali zed hi gh fl ow has been observed in the ictal seizure ce nter, whi le in th e interictal state less th an normal regional blood flows have been id entified in volumes as small as the seizure ce nter and as larg e as a whole hemisphere . Using noninvasive ,33 Xe inhalation SPECT study of rCBF we have demonstrated all of these various findings in a three-dimensional mode.
Th e enhanced fl ow to an ictal brain focus is shown in the case in figure 2 , and probably in th e case in figure 3 as well. Interi ctal locall y reduced rCBF is illustrated by th e case in figure 3 , in whi c h not onl y th e presumed anterior left temporal seizure focu s shows reduced fl ows, but add itional volumes of each of the hemisph eres as well. The case in figure 4 illustrates red uced flow throughout alm ost th e entirety of a hemisphere.
Sim il ar findings have been identified by Kuhl et al. [10] using positron tomograph ic evaluat ion of not only regional brain blood fl ow bu t regional brain glu cose metabolism as we ll. Th eir findings have been of cons iderable valu e in assistin g surgeons in th e management of intractable epilepsy, and it is hoped th at SPECT study of rCBF may in tim e become similarly effective. Th e next generation of SPECT instruments should see im proved sensitivity and resolution, and radiopharm aceutica l research should yield si ngle-photon tracers capabl e of im ag ing not on ly blood flow but other physiolog ic fun cti ons as well.
